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- Motivation for mobile measurement research

- Evolution of EPA program

- Recent and current projects:
- Emissions quantification studies: landfills, oil and gas
- Near-source studies: near-road, near-rail yard
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Benefits:

v'Site-accessibility — driving route or parked in target locations

v’ Ability to assess spatial variability in near-source concentrations
v’ Ability to locate to emissions plume centerline

v'Reduces concerns for instrument intercomparison — same instrument in
motion.

v'Can complement and add context to stationary sampling

Limitations:
v'Focus on local spatial scale (meters to km)

v'Deployments usually brief (hours) and over a
targeted period of time

v'Labor intensive
v"More complex data processing and analysis
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gy Pollution (GMAP) Program
What is it all about?

—~>Novel emissions characterization program using fast-response
Instrumentation and a precise global positioning system on-board a mobile
platform to map air pollutants.

Source Impact
Measurement
Geospatial (SIM)
Measurement of Air

Tracer Correlation
Pollution (TC)

(GMAP)

Remote Emissions
Measurement (REM)

Direct Assessment
(DA)
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GMAP-REM Concept:
Detect and quantify emissions

Geospatial

Of a SpeC”:lC SpeC|eS from a Measurement of Air

Poliution <
large area or distributed ‘Gm’ <
| | |
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source via mobile sampling
and plume dispersion
diagnostics.

Example projects:

1. Detection of methane emissions from distributed oil and gas
production wells using a Direct Assessment (DA) approach

2. Quantification of methane emissions from landfills using an
acetylene tracer via the Tracer Correlation (TC) approach



Mobile sampling vehicle

| Compact met station
3D sonic anemometer

High res GPS

o - &%, Sampling port
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Mast: 1.5 mto 6m

Cavity ring-down
methane analyzer
8-hour battery capacity
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Mobile sampling to locate fugitives
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Drive-by detection of fugitive emissions

— High sensitivity methane measurement (cavity ring-down

spectrometer)
— On board meteorology and high resolution GPS

— Data linked to Google Earth maps for visualization

Rapidly assesses upwind sites from public roadways

Generate fugitive emission statistics

Develop a transferable / cost effective inspection method
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* Stability classes – B, C, D (not A – too weak)

* Tracer good for ground-truthing inverse modeling approach

* No inverse modeling yet for large area sources (landfills, etc.) – tracer correlation required

Oil and gas – much closer to source, run at 20 Hz and average to 10 Hz, time-align with 3D sonic; take methane readings with sonic and bin by wind angles (5 deg bins), then divide by # elements in bin.  Fit to Gaussian – produce direct measure of sigma-y.  Under right met conditions, finding good match with literature.  Sigma-z well-bounded since you are so close to the source and relates to sigma-y.  

* Validating using controlled releases.   

* Cummulative error worse as you get out farther away


Drive-by inspection

\ spike.in CH, concentration indicates emission
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{ Detection and Quantification Fugitive Emissions from Colorado Oil and Gas Production Operations Using Remote
Monitoring, E. Thoma, et al., Air & Waste Manage Assoc. Conf. - June 22-25, 2010 - Calgary, Alberta, Canada
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Greeley, Colorado, November 2009.  

Methane, CRDS.  
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* Release tracer gas from strategic
locations within the facility

* Use mobile sampling platform to map
target source and tracer plumes

® Calculate dilution ratio based on known
tracer rate

* EPA method development research
Waste Management CRADA #372-A-08,
EP-C-07-15 WA 2-10

large area

source

GMAP REM TC

Windﬂ

tracer release point(s)

ERI=E

|

source plume
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target ~ “target, bckgnd

Qtracer
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tracer ~ “tracer, bckgnd

Environ. Sci. Technol. 1999, 33, 2088—2094.

Quantifying Methane Fluxes Simply and Accurately, The Tracer Dilution Method, C. W. Rella, E. R. Crosson, et al.
European Geophysical Union Meeting, 2—7 May 2010, Vienna, Austria.

Methane Emissions at Nine Landfill Sites in the Northeastern United States, B.W. Mosher, P.M. Czepiel, et al.

Measurements of Methane Emissions from Landfills Using a Time Correlation Tracer Method Based on FTIR
Absorption Spectroscopy, B. Galle, B.; J. Samuelsson, et al. Environ. Sci. Technol. 2001, 35, 21-25.




Mobile and Stationary Tracer Correlation

: VT%CGI‘ (blue) ‘and Methane (red ) lumes
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California landfill – CRADA with WM, CARB out there for the study
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Mobile and Stationary Tracer Correlation

Mobile
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Altimont landfill.


Mobile and Stationary Tracer Dilution
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Altimont Landfill in California.  

Initially tracer concentration very low related to methane with weak correlation, pockets of methane hitting sampling

As wind increases and boundary layer increases – higher ratio of tracer/methane and good correlation

Relates to satellite imaging – if you fly over and don’t know history, meausrements may be inaccurate.
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GMAP-SIM Concept:
Assess the spatial extent and

spatial variability of elevated

downwind of a large line or

Source Impact

(GMAP)

. . Geospatial . Heatsg!ﬁ?mm
air pollutant concentrations  |ersda <

area source under multiple
meteorological scenarios.

Example past and upcoming projects:

Near-road air quality: Raleigh-Durham-Chapel Hill, North Carolina
(2006-2008); Las Vegas, Nevada (2009); Detroit, Michigan (2011)

Near-rail yard air quality: Chicago, IL (2010); Atlanta, GA (2011)

High-resolution mobile monitoring of carbon monoxide and ultrafine particle concentrations in a near-
road environment, G. Hagler, E. Thoma, and R. Baldauf, 2010. Journal of the Air & Waste Management
Assoc, 60: 328-336
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1. Rapidly deployable
and solar powered
meteorology station

2. Parked SUV with
— measuring 1-2 min
time series of
roadside
concentrations

3. Zero exhaust, electric
vehicle equipped with
high-resolution GPS,
mapping 1-5 second
measurements of air
pollutants

* Some field studies use both driving-mode + stationary vehicles, some
use only driving-mode vehicle
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Location:
- Longitude
- Latitude

- Elevation
- Webcam

Pollutants:

- Ultrafine Particles (D, < 100 nm)

- Carbon monoxide

- Fine/coarse particles (PM, ., PM,,)
- Black carbon

Meteorology:
- Wind speed and direction
- Relative humidity

17
- Temperature
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Typical Sampling Session:

- 30 min: Arrive at site, set-up instruments onboard vehicles and
meteorology station, perform calibration/QC checks

« 2-4 hours: Drive planned route and maintain ongoing sampling

« 30 min: End driving mode sampling, perform side-by-side
intercomparison/QC sampling

- ~4 hrs: Recharge electric vehicle

—>1-second data for 3
hours: >10,000 data
points per species,
per session
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Data-logging computers
Global | _________ » time-synchronized to GPS
positioning (GPS = true time)
system

Sam p“ﬂg a.nd Instrument \’
: 1 ) —
data-processing Dat contmunusy

Instrument COI‘I‘IputEI’ programs

Raw data files —
S— Instrument '

Import into data-
processing program

(e.g.. MATLAE]) and (2) Combine GPS (3) Consolidate data from
run algorithms (™ 4\ 2 qiust for time series and air repeat drives at defined
—_— lag time monitoring data — | spatial increment (e.g. 10
time series m averages)
C"'__:Tcraw ﬁ A
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Secondary variables used in analysis
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Features of
interest in mobile
data sets:
*Highway cut-
section effect

*Variability of
downwind and
upwind areas

On-road
concentrations
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Las Vegas Near-Road Study
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GMAP Source Impact Measurement

Continuous measurement
r” (4 sites, one year)

Stationary vehicle

g -5; 7 (~3 hrs per day, 4 weeks)

;:: -49!.

) Electric car driving route
2 (~3 hrs per day, 4 weeks)

EPA EP-C-09-027,
Las Vegas, 2009-2010
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Las Vegas Near-Road Study — 10/27/09, 9 AM — noon local time

Weekly Temporal Curve I-15 (Las Vegas, NV)
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Las Vegas Near-Road Study — 10/27/09, 9 AM — noon local time, high wind
speeds (>10 m/s), from the NNW
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Triangle-Area Barriers Study (2008)

Mebane, NC g
- 3 sampling sites
- Combined mobile and stationary
sampling approach

- Sampled before and after leaves
fell at vegetative barrier sites

- Measured:

- Fine/coarse particle size and
count

- Ultrafine particle size and count
- Black carbon particles
- Carbon monoxide

- Wind speed, direction, and
turbulence
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Triangle-Area Barriers Study (2008) — example 2 hour period of sampling
downwind of road + evergreen barrier
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Lin et al., in preparation
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Two mobile monitoring field studies this year — Atlanta, GA and Chicago, IL

—>Multiple deployment periods (early morning, midday, evening) to represent varying
source activity and atmospheric mixing states.

lllinois rail yard study (ongoing)

- g Repeat laps of route

CIRYS GMAP Route - Driving Speed (mph)

23:30

23:00

22:30

22:00

21:30

Time

21:00

Longitude

EPA EP-C-09-027. WA 1-47 2010-2011
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- Development of transferable mobile data visualization program with the
EPA’s Environmental Modeling and Visualization Center, supported by High
Performance Computing

- Development of real-time uplink of mobile sampling data to internet for
GMAP-Remote Emissions Measurement studies

—> Continued field work to develop and apply mobile sampling techniques to
guantify emissions and evaluate source-to-ambient process.

Source Impact
Measurement
Geospatial (SIM)
Measurement of Air Tracer Correlation
Pollution (TC)

(GMAP) Remote Emissions

Measurement (REM)

Direct Assessment
(DA)
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